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Testing of T-odd, P-even interactions by nonpolarized neutron transmission through a
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A new possibility for the study of time-reversal violation is described. It consists in measurement
of nonpolarized neutron transmission through nonpolarized nuclear target placed into electric field
PACS numbers:
During the last years many theoretical and experimen-
tal works were devoted to the study of symmetry viola-
tion in hadronic systems.
The five-fold correlation (FC) test searches for T-odd
P-even term in the forward elastic scattering amplitude
of the form (−→s [
−→
k ×
−→
J ])(
−→
k
−→
J ), −→s and
−→
k are the neutron
spin and momentum,
−→
J is the target spin [1-5].
According to [3] the experimental limits for T-odd P-
even interactions in hadronic systems are only 10−3 with
respect to the conventional T-even P-even strong inter-
action.
One of the difficulties in increasing the sensibility of ex-
periments studying FC phenomena is the necessity of use
of an aligned nuclear target (making of an aligned target
requires cooling that restricts available target size).
Additional challenge is a need of a beam of polarized
neutrons (protons and so on).
This letter considers appearance of a T-odd P-even
term in amplitude of forward scattering of a neutron
(proton) by a nucleus in case of the target placing in
an external electric field
−→
E :
fE(0) = D
−→
k
−→
E , (1)
As a result the amplitude of forward scattering of a
particle with spin 12 by a nonpolarized nucleus can be
expressed as:
f(0) = A+B−→s
−→
k +C−→s
−→
E +D
−→
k
−→
E +F−→s [
−→
k ×
−→
E ] (2)
terms A and F describes conventional T-even P-even in-
teractions, B and C describe the well-known P-odd T-
even and T-odd P-odd contributions, respectively, while
D corresponds T-odd P-even interaction. Suppose
−→
k and
−→
E are parallel then term with F is absent. It is known
that the term proportional to −→s
−→
k is responsible for P-
odd rotation of the neutron spin around
−→
k direction and
spin dichroism i.e. difference of neutron absorption cross-
section for neutrons with the spin parallel and antiparal-
lel to
−→
k . And similarly, the term proportional to −→s
−→
E de-
scribes T-odd P-odd rotation of the neutron spin around
−→
E direction and spin dichroism i.e. difference of neutron
absorption cross-section for neutrons with the spin par-
allel and antiparallel to
−→
E . This similarity provides to
apply for T-odd P-odd experiment ∼ −→s
−→
E the well devel-
oped methods for study the T-odd P-even effects caused
by −→s
−→
k .
It is important that the T-odd P-odd contribution to
f(0) described by the term −→s
−→
E does not require tar-
get polarization in contrast with the widely discussed in
literature term proportional to −→s [
−→
k ×
−→
J ] [6, 7].
The term proportional to
−→
k
−→
E describes the T-odd P-
even contribution to the refractive index. The presence
of this term makes the phase of a neutron wave ϕ after
passing through a layer of width L as:
ϕ = k Re(n− 1)L (3)
depending on the mutual orientation of
−→
k and
−→
E
∆ϕ = ϕ(
−→
k ↑↑
−→
E )− ϕ(
−→
k ↑↓
−→
E ) = 4piρ ReDE. (4)
The above phase difference could be measured ei-
ther by a neutron interferometer or considering neutron
diffraction in a crystal.
The imaginary part of the refractive index, being pro-
portional to Im D, describes T-odd P-even dependence
of total scattering cross-section σtot on the mutual ori-
entation of
−→
k and
−→
E (according to the optical theorem
Imf(0) = k4piσtot).
From (2) it follows that considering passing of nonpo-
larized neutrons through a nonpolarized target one can
express the total cross-section of scattering of a nonpo-
larized neutron by a nonpolarized nucleus as:
σtot = σ0 + σE−→n k−→n E (5)
where −→n k and −→n E are the unit vectors, −→n k =
−→
k
k
and
−→n E =
−→
E
E
. Therefore, the intensity of a neutron beam
passed trough a target of L width can be written as:
for−→n k ↑↑ −→n E , J↑↑ = J0e
−ρ(σ0+σE)L (6)
for−→n k ↑↓ −→n E , J↑↓ = J0e
−ρ(σ0−σE)L, (7)
where J0 is the intensity of the incident neutron beam
and ρ is the number of nuclei in cm3. Hence,
J↑↑ − J↑↓
J↑↑ + J↑↓
= −ρσEL (8)
2Thus, measurement of the dependence of intensity of
passed through the target neutrons on the orientation
of
−→
E with respect to the
−→
k direction allows one to get
information about T-odd P-even cross section σE .
For the above experiment one need not to prepare an
aligned target and polarized neutrons, therefore, there
are no restrictions for the type of nuclei. In addition, the
target width can be significantly increased, along with
the broadening of the energy range for neutrons.
The considered effect can be caused by either splitting
of levels of a nucleus in an electric field or with levels mix-
ing by this field. Due to this reason, experiments would
be better to carry out either by the use of narrow reso-
nances or near closely set resonances of different parity
that let us to increase coefficients of levels mixing by the
electric field.
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